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Enzyme Polymorphism and Genetic Variability of One Colonized
and Several Field Populations of Phlebotomus papatasi
(Diptera: Psychodidae)
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ABSTRACT The Alexandria laboratory colony and five field populations of Phlebotomus
papatasi (Scopoli) from Egypt were analyzed for genetic variation at 17 enzyme loci. The
laboratory colony was characterized by a low level of genetic variation as measured by the
average number of alleles per locus (A = 1.70 = 0.16) and the average expected heterozy-
gosity (He = 0.06 = 0.02). Polvmorphism was observed at 23.5% of the examined loci, and
genotype frequencies at two loci (PGM. AK-2) were tound to deviate slightly from the
Hardy-Weinberg equilibrium. In contrast. the average number of alleles per locus for field
populations ranged from A = 2.35 = (.20 to 2.76 = 0.10, and He ranged from 0.15 = 0.03
to 0.21 = 0.05. All loci of field populations exhibited polymorphism. ranging from 47.0% to
76.5%. and four to seven loci in each populiation were found to deviate from the Hardy-
Weinberg equilibrium. Deviations in both colonized and field populations were caused by
heterozvgote deficiency. Despite geographic isolation and some individual deviations
from the Hardy-Weinberg equilibrium, no evidence of significant genetic difference was
obtained for any of the populations sampled. Calculated indices of genetic distance and
genetic identity for the five field populations showed minor variation but were collectively
representative of a single, genetically uniform population.

KEY WORDS Phlebotomus papatasi. genetic variation, polymorphism

Phlebotomus papatasi (Scopoli) has been re- Human cases of cutaneous leishmaniasis (CL)

corded in Egypt from habitats ranging from heav-
ily populated urban centers to barren desert.
Given the extremely limited flight range of this
sand fiy (WHO 1984), it is reasonable to consider
that Egyptian populations of P. papatasi from
different habitats and locations may differ genet-
ically. Variable morphological characters of some
Egyptian populations of P. papatasi have been
noted (Schmidt & Schmidt 1962, Lane 1986) and
may result from reproductive isolation or ecolog-
ical partitioning. At one location, 30% of the
adult male P. papatasi examined were found to
have atypical genitalia (Kassem et al. 1988), and
P. papatasi from the Sinai express some morpho-
logical characteristics similar to a closely related
species, Phlebotomus bergeroti (Parrot) (D.].F.,
unpublished data).
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caused by Leishmania major (Mansour et al.
1987. 1991) have been reported frequently from
the sparsely populated North Sinai, but few
cases originate along the Mediterranean coast or
in the Nile Delta (Morsy et al. 1985, 1991). P.
papatasi, the recognized vector of L. major in
Egypt (Wahba et al. 1990), is found commonly in
each of these areas. Recent work with P. papatasi
from Egypt and Israel has shown that genetically
stable strains, susceptible and refractory for L.
major infection. can be selected within 13 gen-
erations, and that selection for refractoriness to
infection is associated with a shift from polymor-
phism to monomorphism at certain enzvme loci
(Wu 1989, Wu & Tesh 1990a). Because neither
susceptible nor refractory traits are dominant
(Wu & Tesh 1990b), it is possible that natural
populations of this sand fly vary considerably in
their vector competence. Regional differences in
this species’ ability to develop and transmit
pathogens may account for patterns of human
disease caused by sand fly-borne pathogens in
Egypt.

Successful maintenance of laboratory colonies
has been essential to biological research on sand
flies (Killick-Kendrick 1978). Laboratory colo-
nies of insects often are accepted as being rep-
resentative ot field populations from which they
have been derived, but this may not be a valid
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Fig. 1. Map of Egypt showing sampling locations
for P. papatasi.

assumption, because the colony frequently in-
corporates only a fraction of the original popula-
tions’ genetic variability (Lorenz et al. 1984). In
addition, colonization, which generally reduces
natural genetic variability, may select tor certain
traits which are rare or normally suppressed in
field populations (Lewontin 1974, Tabachnick
1990).

The present report uses enzyme electrophore-
sis to compare the genetic similarity ot field and
colonized populations of P. papatasi. Our spe-
cific objectives were to determine whether ge-
netic differentiation has occurred among field
populations of P. papatasi and to compare levels
of genetic variation of a laboratory colony with
those of field populations.

Materials and Methods

Sand Flies. Sand Hlies were collected during
the summers of 1988 and 1989 trom five geo-
graphically distinct locations, representative ot
Egyptian sand fly habitats (Fig. 1). These habi-
tats included agricultural areas along the Nile
valley in Aswan and Sharquiva; barren desert in
the Sinai peninsula: a most. littoral zone in Al-
exandria; and an urban locality in Giza Gover-
norate (greater Cairo). Sand flies were collected
by CDC light traps. aspiration from inside
houses, or by human landing collections, de-
pending on the abundance of flies in each local-
ity. Human cases of cutancous or visceral leish-
maniasis have been reported from each location.
Sand flies trom each locality were either trans-
ferred to the laboratory alive or frozen immedi-
ately in liquid nitrogen. Collections were stored
at —=70°C until they were tested.

The laboratory colony of P. papatasi originated
from sand flies collected in October 1981 at a

focus of visceral leishmaniasis near Alexandria
(Tewfik et al. 1983). This colony was established
from 30 ovipositing females and has been main-
tained for 34 successive generations using the
methods described by Schmidt (1964).

Electrophoretic Techniques. Procedures for
separation and characterization of sand fly en-
zvmes on cellulose acetate membranes (Helena
Laboratories, Beaumont. TX) have been de-
scribed in detail by Kassem et al. (1990). The
tollowing 13 enzvmes were selected because
thev provided clearly interpretable isoenzyme
phenotypes: Malate dehydrogenase (MDH. E.C.
1.1.1.37), malic enzyme (ME, E.C. 1.1.1.40), iso-
citrate dehvdrogenase (ICD, E.C. 1.1.1.42),
6-phosphogluconate dehydrogenase (6-PGDH,
E.C. 1.1.1.43), glucose-6-phosphate dehvdroge-
nase (G-6PDH. E.C. 1.1.1.44), xanthine dehvdro-
venase (NDH. E.C. 1.2.1.37). adenvlate kinase
(AK. E.C. 2.7.4.3), hexokinase (HK. E.C. 2.7.1.1).
phosphoglucomutase (PGM, E.C. 5.4.2.2), acid
phosphatase (ACP, E.C. 3.1.3.2), fumarate hy-
dratase (FUM, E.C. 4.2.1.2), glucose phosphate
isomerase (GPl, E.C. 3.3.1.8), and mannose
phosphate isomerase (MPI, E.C. 53.3.1.9).

Only individually identified P. papatasi were
tested. In each population, the most frequent
WHomorph tallele) at a locus was assigned a value
of 100. All other allomorphs were given mobility
values relative to their migrating distance to the
common 100 position.

Statistical Analysis. Genetic variability of each
population was assessed from the number of al-
lomorphs observed at each locus., the proportion
of polvmorphic loci. observed and expected het-
erozvgosities. and deviation from the Hardy-
Weinberg expectations. A locus was considered
polyvmorphic when the frequencey of the most
common allele was no greater than 0.95 (Avala et
al. 1972). Yates correction was applied for allo-
morphs observed at low frequency. The statisti-
cal significance of gene frequency differences
was tested using R x C tests of independence
using (G statisties (Sokal & Rohlf 1981). Mean
numbers ot alleles per locus were compared
using one-wav analvsis of variance (ANOVA)
{Sokal & Rohlf 1981). Ditferences within and be-
tween populations tor expected heterozvgosities
were compared nonparametrically by Kruskal-
Wallis and Tukey tests (Zar 1984). The inbreed-
ing coefficient (F) in the laboratory colony was
estimated by using the following equation:

Fiy=1-1{1-q2m)}!

where F is the breeding coefficient. t is the num-
ber of generations, and n is the size of the breed-
ing population. In an open and randomly mating
population with two alleles having frequencies
of p and q, the frequency of heterozygotes is 2pq.
However, in closed and inbred laboratory colo-
nies with a coefficient of inbreeding (F), the fre-
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Table 1. Genetic variability in Egyptian populati of P. papat.

Population A = SE° Ho = SE” He = SE° r
Aswan 258 = 0.19 0.10 = 0.03 0.19 = 0.03 76.5
Sinai 247 £ 0.22 0.09 = 0.03 0.17 = 0.04 47.05
Alexandria 247 £0.22 0.09 = 0.04 0.21 = 0.05 52.94
Sharquiva 2.35 = 0.20 .07 = 0.03 0.15 = 1.03 647
Giza : 007 =0.03 017 =0.03 (X%
Species avg 0.08 = 0.01 0.18 = 0.01 t1.15
Laboratory 0.08 = 0.03 0.06 = 0.02 235

“ Mean number of alleles per locus.
» Mean observed heterozveosity per locus.
“ Mean expected heterozvgosity per locus.

 Rate of polvmorphism drequency of most common allele =0.95),

quency of heterozygotes will be reduced by a
fraction. F. of their total (Avala 1982), The geno-
tvpic frequencies in the laboratory colony there-
fore become:

Genotvpe: AA Ad .
Frequency: p o+ gl 2pg - 2pgkF g+ pgk

Genetic divergence among field populations was
estimated through the indices of genetic identity
(I) and genetic distance (D) (Nei 1972).

Results

Field Populations. Overall populations, 17 o
were recognized by electrophoretic mobility and
pattern. Sumple size. gene frequencies, expected
heterozygosities, and x° tests for departure from
the Hardyv-Weinberg equilibrium are presented

in Appendix 1. Mean values for the number of

allomorphs per locus. heterozvgosity per locus,
and rate of polymorphism have been summa-
rized by population in Table 1. Using the stan-
dard 0.95 criterion for polvmorphism. twa loci
(MDH-2. ICD-2) were consistently monomor-
phic. whereas five loci (6-PGDH. XDH. PGM,
GPI, and FUM) were consistently polyvmorphic
among populations. Enzyme locus polvmor-
phism ranged tfrom 47% in Sinai t¢ 6% in Aswan
and collectively averaged 61% for the five field
populations. These populations contained one to
four allomorphs per locus and averaged 2.35 =

0.20 to 2.76 = 0.10 allomorphs per locus. Most of

the allomorphs were common to all five popula-
tions: however, the Alexandria population ex-
pressed a low frequency of the unique vanant,
GPI 125. The R x C test revealed that gene

frequency distributions were independent of

populations (G value = 0.08 — 1.26).

Among the 73 population-locus combinations
with polvmorphism. 30 cases of significant devi-
ation from the Hardyv-Weinberg equilibrium (-
test. P << 0.03) were determined. These devia-
tions from equilibrium occurred at 12 of the 17
loci examined. and were variable within each
population. Four populations differed from equi-
librium at the G6-PDH and XDH loci, and three
populations differed at the MDH-1, ICD-1.
6-PGDH. ACP. and FUM loci. MDH-2. AK-2
deviated in two instances, and ICD-2, AK-1. and
ME-1 deviated once. These deviations character-
ized from 29.4% (Alexandria) to 41.29 (Aswani of
the loci in each popuiation. Comparison ot oh-
served and expected genotvpic ratios revealed
that heterozvgote deficiency was responsible for
25 of the 26 cases of disequilibrium. Kruskal-
Wallis test results showed that expected het-
erozyvgosities among the five field populations
were not significantly  different (5 4] =
(1.803). However. inclusion of the laboratory col-
onv data altered the test results to indicate a
highly sigmticant ditference in expected het-
erozygosities among the six populations (¥, 5
[5] = 279.27).

Values of genetic distance (D) and ¢enetic
wdentity () are presented in Table 2. Genetie
distance between any of the populations was
ight, averaging 00072, Genetie identity values,
cach =097 tor the ditferent populations. alsa de-
noted strong genetic similarity existed among
these geographically disjunct populations.

Laboratory Colony. I'lic¢ coetlicient of inbreed-
ing (F) in the laboratory population of P. pupatasi
was calculated to be 0.432 after 34 generations.
This value represented the probability of two
gametes uniting to form a zvgote carrving alleles

Table 2. Nei's genetic distance (D, above diagonal) and genetic identities (1. helow dingonsl) among FEgvptian

4 o - pap
Population Aswan Stnan Mevandria Sharquina Cuza
Aswan - 0.006] 00048 0.0076 00085
Sina 0.9939 — 0.0057 0.016K 0.0133
Alexandna 0.9951 049942 - HooTT AXLARE!
Sharquiva 0.9923 0.9832 0YYy22 — 00043
Giza 19914 (LY867T 0 Y955 09957 —
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identical to those of the parents and was incor-
porated into determinations of genotvpe fre-
quency for the colony.

When the laboratory colonv (Alexandria strain)
was compared with the Alexandria field popula-
tion (Table 1; Appendix 1), the laboratory colony
maintained significantly (one-wav ANOVA, F =
T3l df = 1, 32; P = 0.01) lower levels of genetic
variability as determined by polymorphism (Lab
P = 23.53%: field P = 33%) and the mean number
of allomorphs expressed (lab A = 1.7 = 0.16:
field A = 2,47 = 0.22). Mean expected heterozy-
gosity (He) of the laboratory colony was calcu-
lated to be only 0.06 = 0.02. whereas that of the
field population was 0.17 = 0.04. By Tukey test.
the He of the laboratory colony was significantiv
different trom the tive field populations. In spite
of 34 generations of inbreeding, the laboratory
population demonstrated a statistically sugnmifi-
cant departure trom the Hardv-Weinberg equi-
librium at the PGM and AK-2 loci because of
heterozvgote deficiency. Gene frequencies for
PGM were at the Hardv-Weinberg equilibrium
in all five field populations that were sampled.
There were no statistically significant differ-
ences in observed gene frequencies between the
laboratory and field populations tor any locus
(R x € test, P 0.03).

Discussion

The most direct and simple expressions of ge-
netic variation in a population are the polvmor-
phism and heterozvgosity that are observed at
enzvme loci. The Alexandna laboratory colony ot
P. papatasi was polvmorphic at onlv 24% ot
these loci compared with an average polvmor-
phism of 61% in field populations. High levels ot
enzyvme polymorphism have been reported for
both Old World (Mery et al. 1982) und New
World sand flies (Caillard et al. 1986), but these
have been associated with high levels of both
observed and expected heterozvgosity. Based
upon the ohserved heterozveosities in our study,
field populations of P. papatasi from Egypt ex-
hibited low levels of genetic variability. How-
ever, the expected heterozvgosity calculated for
cach population was considerably higher than
those recorded for most other insect species
(Tabachnick & Powell 1979, Tabachnick 1990
and indicated a very high level of genetic vari-
ability at each location.

Field populations were surprisingly deficient
in heterozygotes at enzvme loci, and the discrep-
ancies between the low observed and high ex-
pected heterozvgosities resulted in many devia-
tions from the Hardv-\Weinberg equilibrium.
Significant departures from the equilibrium
genotypic frequency predicted by the Hardv-
Weinberg faw usually have been attributed to
natural evolutionary processes such as mutation,
migration. drift, and selection. or to a situation in
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which individuals within the population are not
mating randomly (Avala 1982). In all but one
case, deviations from equilibrium in the P. pap-
atasi populations resulted from heterozygote de-
ficiency (or its reciprocal. the excess of rare alle-
les as homozyvgotes). A Wahlund effect (Makela
& Richardson 1977), because of either the inclu-
sion of P. papatasi subpopulations or a crvptic,
unrecognized species in the samples, is pre-
sumed to be the cause of these heterozygote de-
ficiencies. When the populations were divided
into genetically different classes based on those
loci with the largest deficiencies of heterozy-
gotes, all loci were found to be in the Hardy-
Weinberg equilibrium. This result could support
the hypothesis tdear of a Wahlund effect be-
cause of the presence of at least two ervptic spe-
cies, However, we believe that heterozyvgote de-
heiencies arose trom samphng during which
subpopulations were pooled and treated as if
they collectively represented a single P pap-
atasi population.

Genetic homogeneity among populations is in-
dicated from the vialues of venetic identity and
distance calculated tor field populations of P. pa-
patasi in Egypt. However, to assume that this
homogeneity results from extensive gene flow
amont the five populations s probably incorrect.
The close genetic relationship between the dis-
tant and isolated locations selected was surpnis-
mg but was consistent with the absence of anv
alleles that could be considered umque to a pop-
ulation. The homogeneity of enzvme loci among
the field populations of P. papatasi indicated that
similarities i vector competence also may char-
actenze each population. Previons studies have
shown that certam traats of medical importance
i sand Hies and mosquitoes have been assocr-
ated with enzvme expression (Tabachnick et al.
1985. Wi 1989). The enzvmes are nat assumed to
be directly responsible tor the trait, but the po-
sition of their locr mav be sutticiently proximal to
genes controlling the trast to provide a reliable
and easilv dentifiable marker.

Elimination ot rare or uncommon alleles and a
resulting decrease in genetic vanability has been
a frequently reported consequence of laboratory
colonization of insect vectors (Munsterman 1979,
Lorenz et al. 1984, Tabachmck et al. 1985). Polv-
morphism and allomorph evpression usually are
reduced from the original field population. Un-
common alleles present in the field population
have been eliminated, and the dominant alleles
of the onginal colony tounders have been fixed
homozvgotically after 34 cenerations. The end
effect of this colonization process has been to
restore genotvpic frequencies of the population
to equilibrium, but at the loss of genetic vanabl-
itv. Disequilibrium did occur at two activelv seg-
regating enzvine loci m the Liboratory popula-
tion, but their departure tfrom Hardv-Weinberg
equilibrium was not strong, and both loci had
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been at or near equilibrium in each of the field
populations. The low levels of genetic variability
observed in field populations of P. papatasi and
the turther loss of this genetic variability as a
result of colonization should be considered in
the establishment of laboratory colonies or when
making inferences concerning field populations
of this sand fly species.
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Appendix 1

Gene frequencies in Egyptian populsti of P. papat.
Population*
e b
Locus Allele ASW SIN ALX SHO Giz LAB

MDH-1 N 104 104 104 80 i 11
50 003 0.02 0.00 0.00 0.03 0.00
100 057 0.58 .85 0.99 0.96 0.99
240 0.1% 0.40 .13 0.01 0.01 0.01
He 0.37 048 0.26 0.02 0.08 0.01
X2 26.96° 7122+ 31.46* 023 0.31 1.02

\MDH-2 N 104 104 104 50 w7 41
88 0.00 0.00 0.00 0.01 0.02 0.00
100 1.0 1.00 1.00 0.99 098 1.00
He 0.00 0.00 0.00 0.02 0.04 0.00
X2 0.00 0.00 0.00 25.59* 8.69* 0.00

ME-I Y 115 115 104 80 77 17
Y5 0.01 0.00 0.02 0.00 0.01 001
100 0.94 0.80 0.96 1.00 0.95 0.99
110 0.05 0.20 0.02 0.00 0.04 0.00
He 0.12 0.32 0.50 0.00 0.01 0.01
X2 222 86.63* 227 0.00 2.10 1.47

ME-2 N 115 115 104 850 77 117
91 0.00 0.00 0.00 0.00 0.05 0.00
100 1.00 1.00 1.00 1.00 0.94 1.00
110 0.00 0.00 0.00 0.00 0.01 0.00
He 0.00 0.00 0.00 0.00 0.11 0.00
X2 0.00 0.00 0.00 0.00 1.14 0.00

ICD-1 N 116 116 104 50 80 30
T 0.0l 0.0} .00 0.(X) 0.00 0.00
100 092 0.96 0.99 0.91 0.94 0.82
128 0.07 0.03 001 0.09 0.06 0.18
He 0.15 0.07 001 0.16 0.11 0.17
X2 447° 0.19 0.00 76.99* 44.42° 3.41

ICD-2 N 116 116 104 80 80 30
87 0.0l 0.01 0.03 0.01 0.01 0.03
100 0.98 099 097 0.99 0.99 0.97
115 001 0.00 0.00 0.00 0.00 0.00
He 0.04 0.03 0.06 0.02 0.02 0.03
X3 262 0.02 0.09 0.12 31.83* 1.43

6-PGDH N 97 123 102 80 80 178
$3 0.10 0.03 0.03 0.18 0.03 0.00
100 0.85 093 091 0.77 0.94 0.99
108 0.05 0.04 0.06 0.05 0.03 0.01
He 0.36 0.28 0.17 0.37 0.12 0.01
X2 7.62* 6.94° 3.66 165.80° 1.86 0.73

:6-PDH N 101 80 97 84 74 24
83 0.09 0.00 0.05 0.05 0.11 0.00
100 0.88 1.00 0.90 0.90 0.84 0.96
129 0.03 0.00 0.00 0.05 0.05 0.04
He 021 0.00 0.18 0.18 0.27 0.04
x? 1.65° 0.00 4%9* 5.17¢ 5.44° 1.48

XDH N 96 50 112 50 77 48
86 0.11 0.10 0.13 0.07 0.17 0.00
100 083 0.84 0.81 0.86 0.79 1.00
113 0.06 0.06 0.06 0.07 0.04 0.00
He 0.29 0.28 0.32 0.25 0.33 0.00
x? 90.94° 5.96° 103.75¢ 306 75.54° 0.00
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Appendix continued
. " Population®
Locus Allele ASW SIN ALX SHOQ GIzZ LAB
AK-1 N 50 S0 104 3] 79 30
83 0.00 0.03 0.00 0.00 0.05 0.00
100 1.00 0.94 1.00 093 0.94 1.00
116 0.00 0.03 0.00 007 0.01 0.00
He 0.00 o.ll 0.00 013 0.11 0.00
\? 0.00 232 0.00 6.73° 1.29 0.00
AK-2 N %0 50 104 40 66 30
88 0.04 0.01 0.04 0.05 0.04 0.05
100 057 098 0.96 09l .96 0.80
108 019 0.0t .00 004 0.00 0.15
He 037 004 0.08 17 0.08 0.20
N2 h.50* 0.35 £2.33* 0.36 2.18 11.40*
HK N 111 112 116 S0 o 34
56 104 0ol 000 0 0.01 0.00
100 0435 0y7 093 100 097 1.00
113 0.01 002 [IX15t BXE1] 02 0.00
He o1y 006 010 0. .06 GO0
\- 3 3% 02 036 0 (K 0.24 0.00
PGM N NS LYY N S0 S0 10
W) 005 004 ol "4 011 0.03
100 074 0.63 {160 (.38 .56 0.41
114 021 0.30 027 0.26 0.33 0.54
126 .00 a1 0.02 002 0.00 0.00
He 040 048 058 036 0.56 0.31
X\ 1.00 1.23 5.70 434 6.14 10.96*
GF1 N 124 124 4 SO 50 60
51 0.02 043 0.03 0.00 0.01 0.00
100 0.75 064 062 186 .80 0.79
118 023 028 031 014 0.19 0.21
135 tHiH) 0O (K 004 14X 0.0 0.00
He 0.38 044 062 0.24 0.32 0.19
X\ 164 164 770 021 0.26 0.02
\MPI N 104 96 113 78 S0 60
90 0.01 0.0l 0.01 0.01 0.01 0.00
100 0.92 098 047 0.94 0.96 1.00
105 007 00l (02 .03 0.03 0.00
He 0.15 0.02 0.06 01l 0.08 0.00
\ 142 001 212 121 1.60 .00
\CP AY 104 1 L6 S0 n 32
S6 0.00 a0l a0l 004 0.02 002
1o Y3 (NS (o} 0na5 N7 1Ry 048
110 007 0.03 0.02 oy OuY [IXLV]
He 013 007 010 0.23 0.20 0.02
X2 96.86* 063 3.03 h2]e 1.03° 0.39
FUM N 96 e Y8 S0 L53 122
N7 0.08 0.06 0.06 003 009 0.00
100 0490 18y (N2 Ixt 081 LO0
125 002 0.05 012 003 0.10 0.00
He 0.18 020 031 BN L] 032 0.00
X 3.63 193" 35437 223 T2k 0.00

CASW. Aswan. SIN, Sinai ALX. Alexandria. SHOQ. Sharquiva. GIZ, Giza: LAB. laboratory calony. *. populations not in

equihbrinm.

" N number of individuals in each sample. He. expected heterozvgosity, X=, deviation trom the Hardv-Weinberg equlibrium.

‘L:.i {JM

- > -

o~ T

loéo“ssion For

NTIS GRA&I & |
DTIC TAB ne
. Unannounced O
| Justification o}
Ik
Distribution/

‘ Avaidability Codeg

|Avail and/or
Dist ' Sprcial

Al 20

N




Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

MLghie AT ST U dﬁ" UG et 2T TTIrMmn T L it m3te 1T, erite T lur Cer ‘-“‘_DC"‘," TOLBITC e T MR D re AW N AIILCTIANS sparcn r g Y SUING 2313 SOLI(ey

sathar n g 2 emwntun ne “l ﬂa‘v""} T3 TRty ang “r‘“W‘f‘j'."“ Leeryn Tt vt LN eng '—-v-pu<raq4’;'\’! "SDulﬂPﬂPS" mate < iry TtNer ssoect T Thig
USSR MO N G Y CENE AL T R » SUREY AN r2an AT ITLT T EACGLArtary L 2 1 r3yve Adask LSRN o, 28 ) fTeTa2Y al‘d ~ep1 S TS artersor

DavismeIrads sute Tll4 un;trn T3 02029307 ara s tma o e ana..erv-cmv ang Augast 2 iperwcrx Reguction rroject 7 \.4\) 88). Wastungton, 5C 20503

1. AGENCY USE ONLY (Leave blank) |2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
29 JAN 1992

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Enzyme Polymorphism and Geaetic Variability of One Colonized and PE- 61102A
Several Field Populations of Phiebotomus papatasi (Diptera: Psychodidas) WU- 3M161102BS13.AK.311

6. AUTHOR(S)
Kassem, Hala A., Fryauff, David J., Shehata, Magdi G. and El Sawaf, Bahira M.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
. ] . REPORT NUMBER
U.S. Naval Medical Research Unit No. 3
PSC 452, Box 5000 22/93
FPO AE 09835-0007
9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

AGENCY REPORT NUMBER
Naval Medical Research and Development

Command, National Naval Medical Center
Building 1, Tower 12
Bethesda, MD 20889-5044

11. SUPPLEMENTARY NOTES

Published in: J. Med. Entomol., 30(2):407-413, 1993; Acc. No. 1744.

12a. DISTRIBUTION/ AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release;
Distribution is unlimited.

p——
13. ABSTRACT (Maximum 200 words)

The Alexandria laboratory colony and five field populations of Phiebotomus papatasi (Scopoli) from Egypt were
analyzed for genetic variation at 17 eazyme loci. The laboratory colony was characterized by a low level of genetic
variation as measured by the average number of alleles per locus (A = 1.70 + 0.16) and the average expected
heterozygosity (He = 0.06 + 0.02). Polymorphism was observed at 23.5% of the examined loci, and genotype
frequeacies at two loci (PGM, AK-2) were found to deviate slightly from the Hardy-Weinberg equilibrium. In
contrast, the average number of alleles per locus for field populations ranged from A = 2.35 + 0.20 t0 2.76 + 0.10,
and He ranged from 0.15 + 0.03 to 0.21 + 0.05. All loci of field populations exhibited polymorphism, ranging
from 47.0% to 76.5%, and four to seven loci in each population were found to deviate from the Hardy-Weinberg
equilibrium. Deviations in both colonized and field populations were caused by heterozygote deficiency. Despite
geographic isolation and some individual deviations from the Hardy-Weinberg equilibrium, no evidence of significant
genetic difference was obtained for any of the populations sampled. Calculated indices of genetic distance and genetic
identity for the five field populations showed minor variation but were collectively representative of a single,
geaetically uniform population.

14. SUBJECT TERMS 15. NUMBER OF PAGES
Phlebotomus papatasi; Genetic variation, Polymorphism 1
16. PRICE CODE

17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION ] 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED
NSN 7540-01-280-5500 Standard Form 298 (Rev 2-89)

CrmecniDAG by ANSE St /3918
) i ) i TRBY]

.




